NGHIEN CUU KHOA HOC

ENgay nhan bai: 02/3/2026 BNgay slra bai: 10/3/2026 MNgay chap nhan déng: 20/3/2026

Anh huéng cuta tro bay va phu gia chéng tham
WP307 dén cuong do nén va dé chéng tham
nudc caa bé téng xi mang

Ettects of fly ash and WP307 waterproofing admixture on the compressive strength and

water impermeability of cement concrete

> TS BUI THI QUYNH ANH'*, HOANG MANH HUNG?
"Truong Dai hoc Cong nghé Giao théng van tai

2Céng ty C6 phan Buding sat Ha Thai

‘Email: quynhanhbt@utt.edu.vn

TGM TAT

Nghién ciru danh gig anh heéng coa tro bay va phu gia ching
tham WP307 dén cuang da nén 28 ngay va kha ning ching tham
nrac cla bé tong xi mang, dinh heéng ing dung cho két cau
ngdm giao thang. Chueong trinh thi nghigm gdm 9 cép phdi vai
3 mirc ham lvgng tro bay va 3 mic ham legng WP307. Crréng
da nén duge xac dinh theo TCVN 3118, trong khi d chdng tham
duge danh gig theo TCVN 3116 béng phrong phap vét tham. Kt
qué cho th&y tro bay lam gidm nhe cuing da nén nhing cai thign
kha nang chang thdm. WP307 ca anh hudng ri rét hon dén da
sdu vet tham va [a y&u td chi phdi chinh ddi vai tinh chang tham
ciia be tang. Vang thanh phén phu hpp brdc dau droc dé xudt |3
13 - 20% tro bay ket hop vai 0.8 - 0,6% WP307 theo khdi lrgng
chét k&t dinh.

Tir khaa: Be tang xi méng; tro bay; phu gia chdng thdm; cuirng da
nén; do chang thdm nuac; cang trinh ngdm giao thang.

1. DAT VAN PE

Trong céac cong trinh ngam giao thong, bé tdng khong chi bao
dam kha nang chiu luc ma con phai dap tng yéu cau kin nudc trong
diéu kién thudng xuyén chiu tac déng clia nudc ngam, ap luc nudc
va moi trudng am uat kéo dai. Khi kha nang chéng tham khéng dat
yéu cau, nudc c6 thé xam nhap qua hé 16 réng va vi khe nit, lam
tdng nguy ca ro ri, am mac, suy giam dé bén lau va chi phi stia chita.
Vi vay, cuing véi cudng d6 chiu luc, d6 chéng tham la mét chi tiéu ky
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ABSTRACT

This study evaluates the effects of fly ash and WP307
waterproofing admixture on the 28-day compressive strength
and water impermeability of cement concrete for potential use
in underground transportation structures. The experimental
programincluded nine mixtures with three levels of fly ash and three
levels of WP307 dosage. Compressive strength was determined
in accordance with TCVN 3118, while water impermeability was
assessed according to TCYN 3116 using the water penetration
depth method. The results indicate that fly ash slightly reduced
compressive strength but improved water resistance. WP307
showed a stronger effect on penetration depth and was identified
as the dominant factor affecting impermeability. An initial suitable
composition range is proposed at [a - 20% fly ash combined with
0.3 - 0.6% WP307 by binder mass.

Keywords: Cement concrete; fly ash; waterproofing admixture;
compressive strength; water impermeability; underground
transportation structures.

thuat quan trong d6i véi bé tong dung cho cac két cdu ngam giao
théng, dac biét la ham, tudng vay, san ddy va cac céng trinh ngam
dé thi.

Kha nang chéng tham cuia bé téng phu thudc vao cau tric 16
réng, muc do lién théng mao quan, ty & nudc/chat két dinh, chat
lugng vlng tiép xtc hd xi mang - cot liéu va su hién dién ctia phu
gia khodng hodc phu gia hda hoc. Trong céc giadi phap dang duoc
quan tam, viéc sir dung tro bay thay thé mét phan xi mang két hop
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vGi phu gia chéng tham la huéng ti€p can c6 tiém nang do via cé
thé cai thién vi ciu trdc bé tong, viia gidam lugng xi mang st dung.
Nhiéu nghién cttu cho thay tro bay & muic thay thé trung binh c6 thé
giup gidm tinh thdm va nang cao d6 bén lau néu ducc bao dudng
phu hop, tuy nhién hiéu qua con phu thudc vao loai tro bay, ty 1&
thay thé va diéu kién dudng ho [5-7]. Ngoai ra, TCVN 13568 cling
khuyé&n nghi st dung tro bay két hgp véi phu gia héa hoc va kiém
tra dong thdi cac chi tiéu cudng do, dd chéng tham khi ap dung cho
bé tdng cdng trinh. Bén canh dé, phu gia chédng thadm c6 thé lam
gidm tinh thdm théng qua céi thién ciu trac 16 rdng hodc can tré
duding dan tham, song hiéu qua van phu thudc vao liéu lugng su
dung va tinh tuong thich vai hé chat két dinh.

G Viet Nam, mot sé nghién cliu da xem xét kha nang tham hoac
xam nhap cla cac tadc nhan bt lgi trong bé téng, chdng han théng
qua cac chi tiéu lién quan dén ion clorua [8]. Tuy nhién, hién chua cé
nhiéu nghién clru trong nuéc danh gia truc tiép anh huéng cla tro
bay va phu gia ch6ng tham dén kha nang chéng tham nudc ctia bé
tong xi mang theo TCVN 3116:2022 [3], dac biét theo phuong phap
vét tham. Day la phép thdr c6 y nghia thuc tién vi phan anh tryc ti€p
kha nang kin nudc cla bé tong cling duéi ap luc nudc, phu hop véi
yéu cau kiém chiing cip phéi cho cac két cdu ngam.

Nghién ctiu nay tap trung lam ré anh huéng ctia ham lugng tro
bay va phu gia chéng tham WP307 dén cudng do nén 28 ngay va kha
nang chéng thadm nudc clia bé téng xi mang theo TCVN 3116:2022
[3].Trén co s& d6, nghién cliu hudng t6i dé xuat khoang thanh phan
phu hgp nham can bang giira yéu cau chiu luc va yéu cau kin nudc.
Két qua thu dugc c6 thé dugc st dung nhu co s& tham khao budc
dau cho lua chon cdp phéi bé téng dung trong céng trinh ngam
giao thong trong diéu kién vat liéu va khi hau & Viét Nam.

2. THi NGHIEM

2.1. K& hoach thi nghiém

Ma tran cap phdéi gém 9 t8 hop (3 mic ham lugng tro bay x 3
muc ham lugng WP307). D€ ddm bao db tin cdy théng ké t8i thiéu,
méi cap phéi duoc bé tri 3 mau cho méi chi tiéu thi nghiém & tudi 28
ngay. Ké hoach thi nghiém dugc tom tat trong Bang 1.

Bang 1. K& hoach thi nghiém va s6 lugng mau du kién (tudi
28 ngay)

Tiéu Tudi S8 miu Téng sé
STT Chi tiéu chuin | (ngay) cho 1 cdp mgu
93y phéi
1 | cusngdénénbéetong | TN | 28 3 27
3118
Khé nang chong tham | TCVN
2 nudc (vét tham) 3116 28 3 27
2.2.Vatliéu

Xi mang st dung trong nghién ctu la xi mang podc-lang hon
hgp PCB40 Bim Son, dugc san xuat phu hgp véi TCVN 6260 [2]. Tro
bay st dung dudc thu héi tir Nha may Nhiét dién Ving Ang béng hé
théng loc bui tinh dién va dugc ding nhu phu gia khoang thay thé
mot phan xi mang, phu hgp dé sit dung trong bé téng theo TCVN
10302:2014. Cét liéu nhd la cat vang thé da dugc sang rua, cét liéu
I6n la da dam nghién tir da goc cing phu hop st dung cho bé téng
két cdu theo TCVN 7570:2006 [1]. Nuéc tron bé tong la nudc sach co
chat luong tuong duong nudc sinh hoat, khéng chia cac tap chat
gay anh hudng bt Igi dén qua trinh déng két va phat trién cudng
dd clia bé téng. Nghién ctu sir dung dong thai phu gia siéu déo
BestFlow R342 (gilt muc ¢ dinh dé &n dinh tinh cong tac) va phu
gia chéng tham tich hop BestProof WP307(thay ddi ti 1& st dung, |a
bién dau vao cta nghién ctu).

Bang 2. Tinh chat chinh cta phu gia héa hoc st dung trong
nghién ctu

Chi tiéu BestFlow R342 BestProof WP307

Tén thuong mai BestFlow R342 BestProof WP307

Nhi. sdn xuat/phan Bestmix, Viét Nam Bestmix

phéi

Nhém phu gia Phu gia siéu déo duy [ Phu gia chéng tham tich

tri do sut hop
Hé hoat tinh v6 co/hiiu co

Cao sé hoa hoc Polycarboxylate ester

Dang vat ly Dung dich 16ng nhét | Dung dich [dng/huyén phu
Mau sic Nau nhat NAau nhat/xam nhat
pH & 20°C 4,28 11-13

Trong gidi han TCVN | < 0,1% hodc khoéng chia

Ham lugng ion CI 8826:2011 ion CI~ gay an mon c6t thép

2.3. Qua trinh tao mau va thi nghiém

Cac hén hgp bé tdng dugc ché tao theo cap phdi da thiét ké,
trong d6 kiém soat ty 1& nudc/chat két dinh va tinh cong tadc nhdm
han ché sai khac gitta cdc mé tron. Sau khi trén, bé téng dugc duc
mau, ddm chit va bao dudng dén tudi thi nghiém theo quy dinh.
Cudng d6 nén dugc xac dinh & tudi 28 ngay trén mau lap phuong
(150x150%x150)mm theo TCVN 3118, vdi gia tri trung binh cla téi
thiéu 3 mau cho méi cap phéi.

Kha nang chéng thadm nudc duge danh gia & tudi 28 ngay theo
TCVN 3116:2022 bang phuong phap vét tham, sirdung mau tru tron
D150xH150 mm, vdi t8i thiéu 3 mau cho méi cap phéi. Mau duoc
chuén bi dé nudc chi tham qua mot mat chiu p luc. Sau thi nghiém,
mau dugc tach dé xac dinh viing tham uét va do do6 sau vét tham.
D6 sau vét thadm dugc dung lam chi tiéu so sanh kha nang chéng
thadm gilia cac cap phai.

" x A & -
Hinh 1. Thi nghiém thdm mau BTXM theo TCVN 3116

3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia tro bay va WP307 dén cuéng dé nén
28 ngay

Két qua thi nghiém cho thdy ham lugng tro bay c6 anh hudng
nhat dinh dén cudng dé nén & tudi 28 ngay clia bé téng. Khi tang FA
tur 0 1én 15% va 25% khéi lugng chat két dinh, cudng d6 nén co6 xu
hudéng gidm dan & ca ba miic WP307, véi muic giam khoang 2 - 4 MPa.
Xu hudng nay phu hgp véi ban chat ctia hé chat két dinh ¢6 tro bay,
trong d6 viéc thay thé mot phan clinker bang pha khoéng phan ting
cham lam gidm t6c do phat trién cudng dd & tudi 28 ngay. Tuy nhién,
muc suy gidam khong 16n va cac cap phai st dung FA trong khoang 15
- 25% van duy tri dugc cudng do tuong duong bé téng mac B30-B35,
cho thdy viéc st dung tro bay trong pham vi khao sat chua lam mat
kha nang dap tng yéu cau chiu luc co ban ctia bé tong.

Xét riéng anh hudng cta phu gia chéng tham WP307, két
qua cho thay tai cing mot muc tro bay, khi tang ham lugng WP307
tur 0 1én 0,3% khéi lugng chat két dinh thi cudng d6 nén déu tang
nhe, khoang 1,0 - 1,2 MPa so v&i mau khéng dung phu gia. Diéu
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nay cho thdy WP307 c6 thé gép phan cai thién d6 dic chéc cla cau
tric bé tong, qua dé bu lai mot phan xu hudng suy giam cudng do
do tro bay gay ra. Khi ti€p tuc tang WP307 Ién 0,6%, cudng dd nén
gidm nhe so véi muc 0,3%, nhung van cao han hoac xap xi mau
khéng dung phu gia tai cung ham lugng FA. Nhu vay, trong pham vi
nghién ctu, ham lugng WP307 khoang 0,3% c6 thé xem |a miic hop
ly hon xét riéng theo chi tiéu cudng do nén 28 ngay.

9
WP307 (% CKD)
~ 38 - 0.0
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T 37 - 0.3
= —
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< 36
At
T 35
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§ 34
o
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32
i] 15 25

Ham lugng tro bay Fa (%)

Hinh 2. Cudng do nén 28 ngay clia cic cap phdi theo ham lugng FA va WP307

3.2. Anh huéng cta tro bay va WP307 dén d6 chéng tham
nudc cta bé tong

So véi cudng do nén, anh hudng cla hai bién nghién ctu dén
d6 chéng thdm thé hién ré rét hon nhiéu. Két qua cho thay khi ting
ham lugng tro bay tir 0 dén 25%, d6 sau vét tham gidm dang ké. Xu
hudng nay cho thdy tro bay da gép phan cai thién cau tric 16 réng
lién thong trong bé tong, théng qua hiéu ting lap day va phan tng
pozzolan, tir @6 han ché su xam nhap cla nudc duéi ap luc.

Anh huéng ctia WP307 con 16 rang hon. Khi ting ham lugng
WP307 tur 0 1én 0,3% va 0,6%, d6 sau vét thdm gidm manh & tat ca
cac muc tro bay, trong khi cudng d6 nén chi bién déng nho. Két
qua nay cho thdy WP307 la nhan t6 chi phoi chinh dgi véi kha nang
ch6ng tham cda bé tong trong khung thi nghiém ctia nghién ctu.
Vé cd ché, c6 thé hiéu réng phu gia chdng tham da hé trg lam gidm
muic d6 lién thong clla mao quan va cac kénh tham min trong da xi
mang, qua do lam tdng kha nang can nudc dudi ap luc. Bay cling
1a Iy do vi sao cung mét muc FA, su thay d8i WP307 tao ra khac biét
16n hon nhiéu vé d6 sau vét tham so véi khac biét vé cudng do nén.
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Hinh 3. D sau vét thdm clia céc cdp phdi theo ham lugng FA va WP307

3.3. Phan tich théng ké anh huéng ctia FA va WP307 dén
6 sau vét tham

Cac kiém dinh sc bd & Hinh 4 cho phép st dung cac phuong
phép ANOVA va héi quy tuyén tinh d€ phan tich sau hon anh hudng
cla FA va WP307 dén kha nang chéng tham cda bé tong.
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Hinh 4. Két qué kiém dinh gia thuyét thong ké

3.3.1. Phdn tich anova

K&t qua ANOVA (Bang 3) cho thdy mé hinh c6 y nghia théng ké
rat cao (F=111,85, p<0,001). Ca ham lugng FA (F=50,46, p<0,001) va
ham lugng WP (F=173,25, p<0,001) déu anh hudng c6 y nghia dén
bién dap tng, trong dé WP la yéu t6 chi ph6i manh hon. Nguoc lai,
tuong tac FA X WP khong c6 y nghia thong ké (F=1,09; p=0,39). M6
hinh c6 d6 phu hop cao véi R*=96,17%, R?,;=94,24%, cho thay kha
nang mo ta va du béo t6t trong pham vi nghién ctu.

Bang 3. Két qua phan tich ANOVA

Nguén DF [AdjSS |AdjMSs |F-Value |P-Value
Linear 4 2382.81 |[595.70 |111.85 0.000
Ham lugng FA 2 537.49 268.74 |50.46 0.00
Ham lugng WP 2 |184533 |922.66 |173.25 [0.00
2-Way Interactions | 4 23.21 5.80 1.09 0.39

FA * WP 4 (2321 5.80 1.09 0.39

Sai s6 18 |95.86 5.33

Téng 26 |2501.89

S R-sq R-sq(adj) R-sq(pred)
2.31 96.17% 94.47% 94.24%

3.3.2. Kiém dinh Tukey

K&t qua so sanh Tukey (Hinh 5 va 6) & muc tin cdy 95% cho thay
WP307 lam giadm rd rét dé sau vét tham. Hai cap so sanh gilra mau
khong duing phu gia véi cac mau diing 0,3% va 0,6% WP307 déu c6
khac biét c6 y nghia théng ké, trong khi chénh léch gitta 0,3% va
0,6% WP307 chua c6 y nghia ré rét. D6i véi tro bay, dé sau vét tham
¢6 xu hudng gidm khi tang FA, nhung cac khac biét gilra cac muc
FA chua dat y nghia thdng ké. Nhin chung, két qua kiém dinh Tukey
phu hgp véi ANOVA khi cho thdy WP307 la yéu t6 chi phéi chinh doi
vGi dé sau vét tham, con anh hudng clia FA yéu hon.
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Hinh 5. Kiém dinh Tukey gitia cdc ham lugng phu gia WP307 khac nhau
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Hinh 6. Kiém dinh Tukey giiia céc ham lugng tro bay khac nhau

3.3.3. Xdy dung mé hinh hoi quy

Ngoai ANOVA, nghién ctu con xay dung mé hinh héi quy bac
hai g6m céc thanh phan FA, WP, FA2, WP?, FA-WP dé€ mé ta quan hé
gita thanh phan vat liéu va d6 sau vét tham. Mé hinh héi quy bac
hai (Bang 4) cho hé s6 xac dinh hiéu chinh R? =0,974, cho thdy kha
nang mo ta rat tét trong pham vi dit liéu thi nghiém.

Bang 4. Két qua cac hé s6 clia trong mo hinh héi quy

S6hang |Anhhudng |Hésé Hés6SE |GiatriT |GiatriP
Hang s6 48365 |0.774 62.50 0.000
FA -1.632 -0.816 |0.106 -7.66 0.000
WP -136.003 -68.001 |4.413 1541 |0.000
FA*FA 0.022 0.011 0.004 2.71 0.013
FA*WP 107.164 53.582 [6.649 8.06 0.000
FA*WP 0.898 0.449 0.112 401 0.001
Chi tiéu Gia tri

S= 1.46572

R-sq = 97.93% R-sq(adj) = 97.43%

Phuaong trinh héi quy:

dinh. Viing nay cho thay kha nang can bang tuong déi tot gilra yéu
cau chiu lyc va chéng tham cta bé téng. Tuy nhién, két luan hién
mai dua trén hai chi tiéu & tudi 28 ngay va trén mot hé vat liéu cu
thé; do dé can tiép tuc nghién clru cac chi tiéu dé bén lau cling nhu
hanh vi tham tai méi néi, khe co gidn va cac chi tiét neo thép trudc
khi ap dung rong rai.

4, KET LUAN

Nghién cttu da danh gia danh huéng ctia ham lugng tro bay va
phu gia ch6ng tham WP307 dén cudng dé nén 28 ngay va kha nang
chéng tham nudc cla bé téng xi mang theo TCVN 3116:2022.

Két qua cho thdy khi tang ham lugng tro bay tir 0 dén 25%,
cudng dé nén c6 xu hudng gidm nhe, nhung do6 sau vét tham giam
ro rét.

Phu gia WP307 c6 tac dong tich cuc hon dén kha nang chéng
tham; viéc b6 sung phu gia & muc 0,3% va 0,6% déu lam gidm co 'y
nghia dé sau vét tham so v6i mau khéng st dung phu gia.

Phan tich ANOVA va kiém dinh so sanh cap cho thay WP307 la
yéu t6 chi phéi chinh d6i véi do sau vét tham, con anh huéng clia tro
bay ton tai nhung yéu hon.

K&t qua nghién ctu la co s& tham khao cho lua chon cap phéi
bé tong dung trong céc két cau ngam giao thong yéu cau do kin
nudc cao.

TAILIEU THAM KHAO

[1]TCVN 7570:2006: (6t liéu cho bé tong va viia - Yéu cau ky thudt.

[2] TCVN 6260:2020: Xi mang podc lang hon hgp - Yeu cau ky thuat.

[31TCVN 3116:2022: Bé tong - Phuang phdp xac dinh d6 chdng tham nudc - Phuong
phap vét tham.

[4] TCVN 9345:2012: K&t cdu bé tong va bé tong cot thép - Hudng dan k thudt phong
chdng niit dudi tac dong cda khi hgu nong am.

[5] A Elahi, PAM Basheer, SV Nanukuttan, QUZ Khan. Mechanical and durability
properties of high performance concretes containing supplementary cementitious materials.
Construction and Building Materials, vol. 24, Issue 3, pp. 292-299, March 2010.

[6] ALA Fraay, JM Bijen, YM De Haan. The reaction of fly ash in concrete: A critical
examination. Cement and Concrete Research, vol. 19, Issue 2, pp. 235-246, March 1989.

[7] CVan Nguyen, P Lambert, Q Hung Tran. Effect of Vietnamese fly ash on selected
physical properties, durability and probability of corrosion of steel in concrete. Materials,
12(4), 593, 2019.

18] Nguyén Van Chinh, Dang Vin Mén. Anh huing clia tro bay nhiét dién Duyén Hai
dén cutng do chiu nén va kha nang chdng tham ctia bé tdng, Tap chi Khoa hoc va Cong nghé
- Dai hocDa Nang, s6 17, tr. 11-14, 2019.

h_tham = 48.489 - 0.734 FA - 76.014 WP + 0.009 FA? + 67.284
WP? + 0.298 FA*WP

Trén cd s& danh gia déng thai cudng dé nén 28 ngay va do
sau vét tham, vung thanh phan phu hgp dugc dé xuat la FA khoang
15 - 20% két hgp véi WP307 & muic 0,3 - 0,6% khdi lugng chat két
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